ABSTRACT: Pelagic food web processes with focus on phyto-and bacterioplankton dynamics were followed in a high Arctic lake on Ziegler Island, Franz Joseph Land archipelago, during July and August 1996. The oligotrophlc, permanently ice-covered lake is characterized by a rather short pelagic food web with rotifers representing the highest trophic level. Phytoplankton biomass and net primary production averaging 1.8 pg chl a 1-' and 22 pg C 1-' d-', respectively, decreased dunng the investigation period. Photosynthetic extracellular release (P,,) corrected for bacterial uptake was high and contributed between 31 % (July) and 96% (August) of total primary production. The abundance of bacteria (9.3 to 17.3 X 10' ml-l) and flagellates (7.8 to 17.3 X 10' ml-l) varied within a narrow range. Bacterioplankton production ranging from 1.2 to 3.9 pg C 1-' d-' and bacterial growth rates (0.1 to 0.3 d-') increased with increasing % P,,, indicating that algal exudates are the major carbon source for bacterioplankton. Bacterial carbon demand (assuming a 50% growth efficiency) amounted to 19% of gross pelagic primary production (P,,,, + P,,) and 31 % of P,, during the investigation period. Evidence was found that bacterioplankton metabolism responds quickly to slight increases in temperature (1.2 to 2.0°C) with increased growth. Overall, production rates of phyto-and bacterioplankton in this high Arctic lake are simdar to other Arctic lakes studied thus far, and the food web structure is even simpler than in most lakes at similar latitudes.
INTRODUCTION
High latitude freshwaters, both Arctic and Antarctic, have received considerable attention over the last decades. They are now recognized as highly adapted ecosystems which are expected to be very sensitive to global climatic change (Wharton et al. 1989 ). Therefore, knowledge on the carbon and energy flux in these habitats, where the impact of climatic changes is most pronounced, may also lead to a better understanding of the impact of climatic changes in temperate aquatic systems where the food web structure is more complex.
High latitude lakes are characterized by low diversity of the biota due to the combination of extreme physical or environmental factors. Extreme radiation conditions, generally low nutrient input and permanently low water temperatures determine biodiversity and activity of these communities (Moore 1978) , food web structure (Kling et al. 1992) and biogeochemical cycling between different trophic levels (LaybournParry & Bayliss 1996) . Consequently species richness declines with increasing latitude (Chengalath & Koste 1989 , Laybourn-Parry et al. 1991 . Larger planktonic organisms are rare in polar lakes (Parker et al. 1982 , Kling et al. 1992 and, if present, not very abundant (Hobbie et al. 1999) . In Antarctic lakes, the pelagic food web is comprised primarily of microbial plankton (Laybourn-Parry et al. 1991) . In fact, microbial plankton, which is now known to be important for the functioning of aquatic ecosystems (Azam et al. 1983) , seems to play a key role in the retention and recycling of nutrients especially in such oligotrophic waters where allochthonous input is negligible (Stockner & Porter 1988) .
A number of studies concerning autotrophic and heterotrophic pico-and microplankton have been conducted in Antarctic lakes (e.g. Ellis-Evans 1991 , Laybourn-Parry et al. 1995 . Studies on Arctic lakes have focused primarily on physical and chemical parameters (Schindler et al. 1974 , de March 1975 , Whalen & Cornwell 1985 , on bacterioplankton (Morgan & Kalff 1972 , Hobbie et al. 1983 , or on algae (Kalff 1967 , Miller et al. 1986 ). However, there have been only a few investigations in Arctic lakes, focusing on the coupling between autotrophic and heterotrophic processes within the microbial food web .
We investigated the interactions between phyto-and bacterioplankton activity in a high Arctic lake on the F I~I~L Jo~eijii Laiii: archipskigo. Eiis paper prcsczts data on phyto-and bacterioplankton dynamics during the Arctic summer of 1996. Simultaneous measurements of phytoplankton and bacterioplankton production and nutrient concentrations (nitrate, nitrite, ammonium, phosphate, silicate, DOC) were carried out in an attempt to determine the interactions within different members of the microbial community. In order to detect possible predator-prey interactions we also included the dynamics of flagellates and rotifers, because it has been stressed that especially in Arctic oligotrophic systems bottom-up regulation is of higher importance than top-down control (Hobbie et al. 1999) .
This high Arctic lake was chosen for investigation because of its permanent ice-cover, which prevents the input of allochthonous material from terrestrial sources and atmospheric deposition. Small glacier creeks are the only source of allochthonous input. Furthermore, there is no significant benthic primary production in this lake. Thus, the lake is characterized by a relatively simple food web. Rotifers represent the highest trophic level of the pelagic food web: no cladocerans, pelagic copepods or fish inhabit this lake.
MATERIALS AND METHODS
Study site and sampling. The investigated freshwater lake is located at the westernmost part of Ziegler Island, Franz Joseph Land archipelago (81.04" N, 56.1?OE, Fig. 1 ). The surrounding catchment is characterized by basalt rocks and glaciers. Some small glacier creeks feed the lake during snow-and ice-melt. A single outflow drains the lake into the nearby sea (Fig. 1) . The lake covers an area of about 82 000 m2 and has a mean depth of 9 m. This unnamed lake is covered with a thick ice-sheet of up to 2.4 m; it only becomes ice-free Joseph Land near the inlets in summer (8 % of the lake area was icefree in July and August 1996). From 15 July to 14 August 1996, the lake was sampled at 3 d intervals (with the exception of one 4 d interval) through a hole in the ice, using a 1.8 1 Niskin bottle. Water samples (10 1) were taken from a depth of 5 m. The water column of the lake was homogenously mixed during the investigation period. Additional water samples (8 to l 0 l) for zooplankton enumeration and identification were filtered through a 40 pm net and fixed in 4 % formaldehyde. During sampling, water temperature was measured. The water samples were brought back to the nearby field laboratory within 30 min for enumeration and incubations as outlined below. More detailed and complex analyses were performed at the Institute of Ecology, University of Vienna.
Phytoplankton biomass and primary production. Phytoplankton biomass was determined by measuring the chlorophyll a (chl a) content of 1 1 of lake water filtered onto glass fiber filters (Whatman GF/F, 47 mm filter diameter) and kept frozen until analysis. Then, the filters were extracted in 10 m1 of 90 % (v/v) acetone for 12 h; thereafter the solution was filtered again through a Whatman GF/F filter to remove any particles. Chl a concentrations were estimated spectrophotometrically as described in Parsons et al. (1984) .
Primary production was estimated via the incorporation of radiolabeled 14C-sodium bicarbonate into organic carbon (Parsons et al. 1984) . We differentiated particulate production (P,,,,) from photosynthetic extracellular release (P,,). Subsamples (100 ml) were filled into BOD flasks, rinsed with lake water prior to incubation and 1 m1 of 1 pCi ml-' 14C-sodium bicarbonate (specific activity 55 mCi mmol-l, Amersham) was added. Incubation of duplicate subsamples at 4 different radiation levels (10, 30, 50 and 100% of surface radiance) and 2 dark controls were performed at in situ temperature for 24 h, which was found to be appropriate for oligotrophic Arctic lakes , Miller et al. 1986 ). After incubation, samples were filtered onto 0.45 pm pore size cellulose nitrate filters (Millipore HA, 25 mm diameter filter) by applying a suction pressure not exceeding 20 mbar. Filters were rinsed twice with 0.2 pm filtered lake water, placed in scintillation vials and 100 p1 concentrated HCl was added to remove any remaining inorganic 14C. Before rinsing the filters, 4 ml of the filtrate was transferred into scintillation vials, acidified with 100 p1 concentrated HC1 and left open for 24 h (Niemi et al. 1983) . Filters and filtrates were stored at 4OC until further analysis at the Institute of Ecology, University of Vienna. There, filters were dissolved in 1 m1 ethylacetate and after 10 rnin, 8 m1 scintillation cocktail (Packard Insta-Gel) was added to the filters and the filtrate samples. Radioactivity was measured in a liquid scintillation counter (Canberra Packard, TriCarb 2000) after 14 h. Quenching was corrected by the external standard ratio. Since radiation measurements under ice were not possible because of logistical problems, primary production was estimated by using the mean of the 4 different light treatments, which showed only small variations. Photoinhibition or generally less production at lower irradiances could not be observed. For calculations of P,,,,, the disintegration per min (DPM) values of the dark incubations were subtracted from the radiation-exposed samples.
Furthermore, primary production values were corrected for bacterial uptake of P,, during the incubation as follows: net PP,,, = P,,,, + net P,, (apparent in filtrate) gross PP,,, = Ppart + gross P,, gross P,, = net P,, + BCD BCD = BP (thymidine incorporation) + respiration (assuming a growth efficiency of 50 %) gross% P,, = (gross P,,/gross PP,,,) X 100 where PP,,, is total primary production, BCD is bacterial carbon demand and BP is bacterial production.
Bacterial and flagellate abundance. The abundance of bacteria and heterotrophic flagellates was determined by DAPI (4', 6-diamidino-2-phenylindole) staining and enumeration under an epifluorescence microscope (Hobbie et al. 1977) . Subsamples (5 ml for bacteria, 40 m1 for flagellates) were fixed with 0.2 m1 of 0.2 pm filtered concentrated formaldehyde and stained with DAPI for 15 min (Porter & Feig 1980) . After filtration onto black polycarbonate filters (Nuclepore, 25 mm diameter filters; 0.2 pm pore size for bacteria, 0.8 pm pore size for flagellates), the filters were embedded in Nikon immersion oil and viewed under a Leitz Laborlux microscope equipped with a Ploemopak epifluorescence unit. At least 300 bacteria and 100 flagellates were counted per sample.
Bacterial production. Immediately upon return to the field laboratory, bacterial production was estimated by measuring the incorporation of [3H]-thymidine (specific activity 83.9 Ci rnmol-'; final conc. 5 nM). Triplicate subsamples (10 ml) and 2 formalin-killed blanks were incubated in gamma-radiated test tubes (Greiner, Inc.) in the dark at in situ temperature for 2.5 h. Thereafter, the samples were filtered onto cellulose nitrate filters (Millipore HA, 0.45 pm pore size, 25 mm diameter) and extracted with 10 rnl ice-cold 5 % trichloroacetic acid (Sigma Chemicals) for 10 min. The filters were transferred into scintillation vials and stored at 4°C until further analysis at the Institute of Ecology, University of Vienna. There, the filters were dissolved in 1 ml ethylacetate, 8 m1 scintillation cocktail (Packard Insta-Gel) added and the radioactivity was measured in a liquid scintillation counter (Can-berra Packard, Tricarb 2000) after 14 h. Thymidine incorporation was converted into bacterial carbon production by using a conversion factor of 1.1 X 1 0 '~ cells mol-I thymidine incorporated (Riemann et al. 1987) and assuming a carbon content of 10 fg cell-' (Bratbak & Dundas 1984) . Specific growth rates were calculated as described by Coveney & Wetzel (1995) 
was initial cell number, P was production of cells (estimated by thymidine incorporation) and T was incubation time for the thymidine assay.
Dissolved oxygen, pH, inorganic nutrients, DOC and irradiance. Dissolved oxygen concentrations of the lake water were measured using Winkler titration (Wetzel 1995) . For pH measurements, a WTW pH 91 eit?cil.ucit? wiis used aiid foi esiimaiiiig the amouiit of inorganic nutrients (phosphate, nitrate, nitrite, ammonium), 250 rnl of Whatman GF/F-filtered lake water was filled in acid-rinsed bottles and stored frozen until analysis. Concentrations of inorganic nutrients except for nitrate were determined using the conventional spectrophotometric methods described in Parsons et al. (1984) ; nitrate was measured by HPLC analysis (Winter et al. 1992) . Alkalinity was estimated by HC1 titration (Wetzel 1995) .
Subsamples (5 ml) for DOC were filtered through Whatman GF/F filters, filled in combusted (450°C for 4 h) glass ampoules and stored frozen until analysis. DOC content was determined using a Shimadzu TOC-5000 after sparging the samples with CO2-free air. Standards were prepared with potassium hydrogen phthalate (Kanto Chemical CO, Inc.); a platinum catalyst on quartz was used.
All nutrient analyses were performed in duplicate.
The photosynthetic active radiation (PAR, 400 to 700 nm) of the surface solar radiation was measured with a Skye quantum sensor.
RESULTS

Physical and chemical parameters
The water column of the lake was well mixed as indicated by the constant temperatures throughout the water column. During the investigation period, water temperature increased from l.l°C to a maximum of 2°C ( Fig. 2A) . Because the ice-cover largely prevented direct solar heating of the water column, the glacier creeks entering the lake with a water temperature of up to 6°C primarily influenced the heat budget of the lake. Dissolved oxygen concentration increased during the investigation period as well ( Fig. 2A) of the lake were generally low, fluctuating somewhat during the investigation period, but showing no trend ( Fig. 2B to D) . However, organic nitrogen and phosphorus content was not measured. DOC concentrations in the glacier creeks were slightly higher (1.3 to 1.6 mg 1-l) than in the lake water (0.9 to 1.2 mg I-'). The PAR at the ice-surface ranged between 50 and 600 pE m-2 s -~ , pH and alkalinity ranged between 5.6 and 6.1 and 0.4 and 0.8 meq 1-', respectively.
Phytoplankton production
The representative groups of the phytoplankton were Chrysophyceae (with the dominant alga of the lake: Dinobryon sp.), Chlorophyceae, Desmidiaceae and diatoms.
Primary production varied between 7.8 and 4 1.5 pg C l-Id-' (Table 1) . Pp,,, fluctuated during the investiga- Table 1 . Summary of particulate (Pp,,) and net and gross dssolved (P,,) primary production. Total net primary production (net PP,,,) = Ppar, + net P,,; gross PP,,, = P,,,, + gross P,,; net P,, = apparent P,,; gross P,, = net P,, + bacterial carbon demand (BCD); BP = bacterial production (via thymidine incorporation); BCD = BP + respiration (assuming a growth efficiency of 50%); gross % P,, = (gross P,,/gross PP,,,) x 100; % BCD of gross P,, = (BCD/gross P,,) X 100; % BCD of gross PP,,, = (BCD/gross PP,,,) X 100 Date Net PP,,, Gross PP,,, Pp ,,,, Net P,, Gross P,, BP
BCD
Gross %P,, BCD of gross P,, BCD of gross PP,,, (pg C 1-' d-I) (Fig. 3A) . However, specific productivity (net primary production per biomass) fluctuated greatly, following primarily the production rates of phytoplankton (net PP,,,) (compare Fig. 3 A and Table 1 ).
Microheterotrophic biomass and bacterial production
Bacterial and flagellate numbers ranged from 9.3 to 17.3 X 10' and from 7.8 to 17.3 X 102 cells ml-', respectively, exhibiting no pronounced temporal trend (Fig. 3B ). Bacteria were dominated by small cocci and very small rods. Bacterial production varied between 1.2 and 3.9 pg C 1-' d-' (Fig. 3C) . The peaks in bacterial production corresponded with lowest primary production (July 27 and August 12) (compare Table 1 and Fig. 3C) (Fig. 3D) . Fig. 2B to D) comparable to other Arctic lakes, e.g. Toolik Lake (Whalen & Cornwell 1985) , Char Lake (Schindler et al. 1974) and Barrow ponds (Prentki et al. 1980) and to the ultra-oligotrophic Lake Tahoe (Paerl et al. 1975) . T h e DOC content of the lake (Fig. 2D) is also at the lower end of reported DOC concentrations of Arctic lakes and ponds, which range from c90 (Schindler et al. 1974 ) to 15500 pg 1-' (Prentki et al. 1980) . However, compared with alpine lakes the DOC content of this Arctic lake is in the upper range: Sommaruga et al. (1999) 
DISCUSSION
This oligotrophic lake on Franz-Joseph-Land is characterized by very low inorganic nutrient concentrations (
found mean DOC concentrations o f 390 1-19 1-' in glacier-fed lakes and 700 pg 1-' in lakes not fed by glaciers. Although the investigated Arctic lake is fed by glacier melt-water, even higher DOC concentrations than in the lake itself were found in the glacier creeks which supplied the lake with allochthonous DOC. This DOC seems to be leached from tundra vegetation covering the drainage basin (about 200 m in length).
In the lake, autochthonous DOC production is exclusively based on phytoplankton production since there is no benthic vegetation present. Primary production has to take place under ice due to the permanent icecover, leaving only a small area ice-free where warmer glacier creek water enters the lake. During the Arctic summer, the transparent ice cover, which is free of snow and partly formed of candle-ice, allows PAR penetration (Bolsenga et al. 1991) . A number of studies have quantified primary production under ice without snow cover (e.g. Kalff 1967 , Miller et al. 1986 , which is . Nutrient availablility rather than irradiation seems to be the limiting factor for primary production in most high latitude freshwater systems (Whalen & Cornwell 1985) ; however, in the investigated lake, we found no clear relationship between algal biomass or primary production with nutrient concentrations. During the investigation phytoplankton biomass declined more or less continuously (Fig. 3A) while primary production fluctuated without any trend over time (Table 1) . Mean net primary production amounted to 22 pg C I-' d-' and mean phytoplankton biomass was 1.8 pg 1-l chl a. Thus, the measured biomass and primary production are also within the order of magnitude reported for high mountain lakes (Reche et al. 1996 , Sommaruga et al. 1999 . Pelagic primary production in polar lakes and ponds ranges from 0.072 to 240 1-19 C 1-' d-' (Kalff 1967 , Parker et al. 1982 , Ellis-Evans 1991 . Most of these studies measured only particulate primary production and may therefore underestimate total primary production rates. Interestingly, comparing pelagic primary production rates in different Arctic lakes, it becomes obvious that higher phytoplankton production rates are found in lakes without bottom vegetation (Whalen & Cornwell 1985 , Miller et al. 1986 , this study). In lakes with benthic algae, mosses and macrophytes, the pelagic p~izai-? i;roduc:ion is !cw, 2nd benthi-u L u L C y n r i m a n i
.AAA' -., production contributes between 80 and 87% to total primary production , Rarnlal et al. 1994 . Specific productivity of phytoplankton (net primary production/biomass) with a mean of 0.5 mg C (mg chl a)-' h-' (Fig. 3A) is higher than in most other Arctic and Antarctic lakes (exception: Lake Sombre; EllisEvans 1991). The specific productivity in Char Lake was 0.22 mg C (mg chl a)-' h-' . and for Antarctic lakes, 0.023 to 0.137 mg C (mg chl a)-'. h-' has been reported (Vincent 1981 , Parker et al. 1982 ). However, a specific productivity of as high as 6.3 mg C (mg chl a)-' h-' for the oligotrophic Lake Sombre was reported by Ellis-Evans (1991) . Although primary production is depressed by low temperature (Rigler 1978) , specific productivity in the investigated lake is similar to that of the temperate oligotrophic Lake Alrnind (Sondergaard et al. 1988) . It is important to note that higher specific productivity is reported in studies where the photosynthetic extracellular release was included in the measurements (Ssndergaard et al. 1988 , Ellis-Evans 1991 . Calculating specific primary production only from the particulate production, we found a specific productivity of 0.02 to 0.6 mg C (mg chl a)-' h-', which is similar to the specific productivity found for other polar lakes , Vincent 1981 , Parker et al. 1982 . P,, is known to be of higher importance in oligotrophic than eutrophic lakes (Cole et al. 1982 , Baines & Pace 1991 . The contribution of P,, to total primary production in oligotrophic lakes ranges from 12 to ~9 0 % (Parker et al. 1977 , Tilzer & Horne 1979 , Ssndergaard et al. 1988 , with the highest % P,, recorded from Lake Bonney-East, Antarctica (Parker et al. 1977) . This corresponds to our data with a gross P,, ranging from 30 to 96% of total phytoplankton production (Table 1) . We observed an increasing contribution of P,, during the course of the investigation period. Similar trends were found by others following the succession of phyto-plankton blooms (Storch & Saunders 1978 , Larsson & Hagstrom 1979 . This increasing contribution of P,, to total primary production has been related to the senescent stage of the phytoplankton con~munity (Nalewajko & Schindler 1976 , Hino 1988 as indicated in our study by the inverse relation between gross % P,, and phytoplankton biomass (r = -0.65, p < 0.05, n = 11) and specific productivity (r = -0.72, p < 0.005, n = l l ) , respectively. Rotifers were also found to enhance extracellular release by 'sloppy feeding' (Lampert 1978) . However, rotifer numbers, although increasing during the investigation period (Fig. 3D) , did not correlate with % P,,.
In our study, P,, contributed, on average, about 50% to the total primary production. Bacteria readily take up this extracellular carbon (Larsson & Hagstrom 1979 , Chrost & Faust 1983 . Thus, the net P,, reported here is likely to be underestimated, especially if the long incubation time is considered. Therefore, we estimated the gross % P,, (% P,, of total primary production) assuming bacterial production equals approximately the bacterial assimilation of P,, (Bell & Kuparinen 1984 , Sandergaard et al. 1988 . A bacterial growth yield of 50% was used for calculations of the gross % P,, (Jensen et al. 1985 , Coveney & Wetzel 1989 . Extracellular release taking the bacterial carbon uptake during the incubation into account gives us the gross P,,, averaging -60 % of total carbon fixation (gross PP,,,) ( Table 1) . About 31% of the carbon released (gross P,,) is required to meet the bacterial carbon demand, or in other terms, 19% of total primary production (gross PP,,,) is channeled directly into bacteria (Table 1) . This is at the lower end of the range of estimates (Larsson & Hagstrom 1979 , Coveney 1982 . However, our estimates of the bacterial carbon demand are conservative since the assumed bacterial yield of 50% is, although widely used, at the high end of estimates reported for freshwater bacterioplankton. If we use the more likely bacterial growth yield of 20 %, then the bacterioplankton would take up about 53 % of the gross P,, and 36 % of the gross PP,,,. This relatively low P,, assimilation efficiency may be affected by the low temperature (Bell & Kuparinen 1984 , Scavia & Laird 1987 .
In our study, gross % P,, correlated well with bacterial production (r = 0.67, p < 0.05, n = 11) and bacterial growth rate (r = 0.65, p < 0.05, n = 1 l), indicating the importance of the P,, as a substrate for bacteria. This has also been concluded in a number of other studies on lakes of lower latitudes (e.g. Nalewajko & Schindler 1976, Coveney & Wetzel 1995) . Coveney (1982) suggested that P,, is not a n important loss factor for phytoplankton while it is an important substrate for bacterioplankton. Cole et al. (1982) speculated that phytoplankton-derived extracellular matter is capable of partly regulating bacterial growth in oligotrophic waters. Our findings confirm this assumption for this particular high Arctic lake.
The abundance of bacteria reported for Arctic and Antarctic lakes ranges from 0.1 to 80 X 105 ml-' with maxima in late summer and autumn (Morgan & Kalff 1972 , Laybourn-Parry et al. 1995 , Ramaiah 1995 . In the present study, bacterial numbers varied within a small range without any clear trend (Fig. 3B) while bacterial production increased slightly during the investigation period (Fig. 3C ). Bacterial production rates of the investigated lake are comparable to Antarctic lakes (Ellis-Evans 1991 , Laybourn-Parry et al. 1995 and also to high mountain lakes (Sommaruga & Psenner 1995 , Reche et al. 1996 .
The impact of temperature on bacterial production and growth has been extensively discussed (White et al. 1991 , Wiebe et al. 1992 , Felip et al. 1996 , including the temperature range <4"C (Pomeroy & Deibel 1986 , hvkin et al. 1996 . Christian & Wiebe (1974) observed a 1.8 times higher growth rate and a 4.4 times higher respiration rate for bacteria when temperature increased from 1 to 4°C which may have a very dramatic effect in view of the predicted temperature increase over polar regions (Wiebe et al. 1992) . We found that bacterial production was positively correlated with temperature (r = 0.64, p < 0.05, n = 11) even over a rather narrow temperature range. Growth rates of bacterioplankton in the present study are low although comparable to Antarctic lakes (Ellis-Evans 1991) and to those obtained for temperate lakes in winter (e.g. Coveney & Wetzel 1995) .
As temperature is assumed to greatly influence bacterial production especially at the low temperature range, at higher temperatures substrate availability becomes the major factor controlling bacterial growth (Scavia & Laird 1987 , Felip et al. 1996 . This might lead to the paradox that in cold environments, during periods of high primary production, bacterial production is probably limited by low temperature (Pomeroy & Deibel 1986 , Wiebe et al. 1992 , while towards the end of the phytoplankton bloom more suitable temperatures favour bacterial production. Although Cole et al. (1988) found significant correlations between bacterial and primary production and chl a, respectively, across freshwater and seawater ecosystems they also referred to outliers obtained in early spring (Riemann et al. 1982 , Bell & Kuparinen 1984 when temperature was low. In general, our results indicate a n inverse relation between primary production and bacterial production. The ratio primary production:bacterial production declined from 28 to 4 during the investigation period (r = 0.59, p < 0.05, n = 11). Thus, in the investigated lake bacterial growth seems to be primarily influenced by temperature and nutrient supply; predation effects could not be observed (Fig. 3B ).
In conclusion, in this high Arctic lake the increasing contribution of P,, to total phytoplankton production coincided with increased bacterial productivity, bacterial growth rates and slightly higher temperatures, indicating a close coupling of primary and bacterial production via extracellular release during the investigation period.
